Background: Global variation in human papillomavirus (HPV) prevalence and persistence may be explained by differences in risk factors, such as sexual activity, oral contraceptive use, and behavioral factors. We evaluated determinants of acquisition and clearance of HPV infection among young women previously unexposed to HPV.
Brazil, the United States, and Canada (NCT00689741/NCT00120848). They were followed up for 76 months. Cervical samples were HPV genotyped via polymerase chain reaction. We used multivariable (forward stepwise, P = 0.15) Cox proportional hazards regression to estimate rate ratios (RR) and 95% confidence intervals (CI), separately according to length of follow-up time.
Results: On short-term follow-up (0-27 months), 257 (48%; 8535.80 person-months; incidence rate = 30.11; 95% CI, 26.64-34.02) incident HPV infections were detected. Marital status, lifetime number of sex partners, history of any sexually transmitted disease, and occasional use of oral contraceptives were strongly associated with acquisition of any HPV. Having 2 or more lifetime sex partners (RR, 2.03; 95% CI, 1.37-3.02) and a history of any sexually transmitted disease (RR, 1.98; 95% CI, 1. 19-3.29) were the most important determinants of high-risk HPV (hrHPV) incidence. During the entire follow-up (0-76 months), an increased hrHPV clearance was found among women in North America (RR, 1.38; 95% CI, 1.08-1.78) and black women (RR, 1.64; 95% CI, 1.04-2.60). Greater number of lifetime partners was associated with reduced clearance rates for any HPV (RR, 0.65; 95% CI, 0.43-0.98).
Conclusions:
We identified variation in risk of HPV acquisition and clearance among women unexposed to HPV at baseline.
H uman papillomavirus (HPV) is one of the most common sexually transmitted infections worldwide. Although most infections resolve spontaneously within 3 years, 1 persistent infection with high-risk types can lead to oral and anogenital cancers via consecutive premalignant stages. 2 Low-risk genotypes (eg, HPVs 6 and 11), also known as non-oncogenic HPV, are associated with benign conditions, such as genital warts and respiratory papillomatosis. 3 Knowledge of determinants of HPV acquisition and persistence is essential in understanding its epidemiology and natural history to develop future effective interventions aimed at reducing HPV-related disease burden. 4 Epidemiologic studies have identified risk factors associated with HPV infection. There is clear evidence that some patterns of sexual behavior, such as age at sexual debut (ie, commencement of sexual activity at an early age), multiple sexual partners, and partners' prior sexual history are directly associated with an increased risk of genital HPV acquisition. 4, 5 Age, smoking, co-infection with other sexually transmitted agents, long-term oral contraceptive use and parity are also key cofactors to cervical carcinogenesis in high-risk HPV (hrHPV) positive women. 6 Most research on HPV-induced carcinogenesis included women over the age of 30 years, focusing on those attending cervical cancer screening. HPV clearance of prevalent (ie, existing cases) or mixed prevalent and incident infections was mainly studied. In an earlier article by our group that assessed a population with no evidence of prior exposure to HPV infection, the overall detection of incident HPV infections was 20.61% (95% confidence interval [CI], 18.47-22.99) per 1000 person-months during a 6-year follow-up among the placebo group of young women participating in a vaccine clinical trial. 7 In the current report, we present results on determinants of acquisition and clearance of HPV infections in the same cohort of women. Because participants had no serological or virological evidence of an HPV infection at study entry, we also stratified the analyses by length of follow-up to identify key determinants according to follow-up time and evaluate the robustness of findings.
MATERIALS AND METHODS

Study Design and Population
A detailed description of the clinical trial methodology including eligibility, sample collection methods, study sites, and recruitment and follow-up dates, has been published previously. 8, 9 Briefly, a cohort of 1,113 women (age, 15-25 years) from 32 study centers in Brazil, the United States, and Canada were enrolled in a phase II double-blind, randomized controlled trial assessing the HPV-16/18 AS04-adjuvanted vaccine. Recruitment took place between July 2000 and September 2001. Figure 1 provides a schematic of study visits and follow-up phases. Participants followed up until 18 months were asked to participate in an extended follow-up period until 27 months after receiving the first vaccine dose [HPV-001 (NCT00689741, Clinicaltrials.gov)]. Upon completion of short-term follow-up (0-27 months), vaccine and placebo recipients were invited to participate in a long-term follow-up study of ∼3-year duration (up to 76 months) [HPV-007 (NCT00120848, Clinicaltrials.gov)]. Anonymized individual participant data and study documents can be requested for further research from www. clinicalstudydatarequest.com.
The current ad-hoc analysis was restricted to 534 women randomized to the placebo arm (received only aluminum hydroxide adjuvant), who, at the screening visit, were seronegative for HPV16 and HPV18 antibodies and HPV DNA-negative, and had no more than 6 sexual partners and no prior abnormal Pap smear or treatment for cervical disease. Women who participated in the initial phase (0-18 months) and received 3 doses of placebo were eligible to participate in the extended and long-term followup phases. This study design provided a unique opportunity to specifically study determinants of incident infections as early events at the beginning of follow-up.
The guidelines of the Declaration of Helsinki, the International Conference on Harmonization-Good Clinical Practices were followed. The study protocol was approved by independent ethics committees or institutional review boards of the respective study centers. Written informed consent was obtained at the screening visit from all participants or from a legally acceptable representative for those younger than the legal age of consent.
Specimen Collection and HPV DNA Testing
As illustrated in Figure 1 , cervical samples were collected for cytology and HPV DNA testing at the screening visit; at months 6, 12, and 18 in the initial phase and at 6-month intervals Figure 1 . Schematic timeline and specimen collection. Cervicovaginal testing was done at every visit between months 0 and 27 (short-term follow-up), but was optional at month 21 and month 27 (Visits 10 and 12, respectively). Cervical testing was done at every visit between months 40 and 76 (long-term follow-up), but was also done at the screening visit and at month 6, month 12, and month 18 (visits 1, 4, 7, and 9, respectively). Cervicovaginal testing was optional at month 46, month 58, and month 70 (visits 14, 16, and 18, respectively).
in the long-term follow-up period. Self-collected cervicovaginal samples were obtained at months 0, 6, and then every 3 months until the end of the extended follow-up phase.
HPV DNA testing for 25 genotypes was based on the broad-spectrum polymerase chain reaction (PCR) SPF 10 LiPA 25 system. 10 The genotypes tested included hrHPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 , 66, and 68) and low-risk HPV (lrHPV; 6, 11, 34, 40, 42, 43, 44, 53, 54, 70 , and 74) types. Type-specific PCR was also done for HPVs 16 and 18. 11 
Risk Determinants
Participants completed a self-administered baseline questionnaire at the enrollment visit. Information on sociodemographic characteristics as well as behavioral, sexual, contraceptive, and other gynecological medical history was collected, covering known risk factors for HPV infection. The questionnaire was translated to the appropriate local language.
Statistical Analysis
Descriptive statistics were used to examine characteristics of the population by study site. Differences in distribution were assessed using the χ 2 test. Univariate (adjusted for age and study site) and multivariable Cox proportional hazards models were used to estimate rate ratios (RRs) and 95% CI of HPV acquisition, separately for the short-term (0-27 months) and long-term (40-76 months) follow-up phases as well as for the entire follow-up (0-76 months). A parsimonious multivariable model was constructed using forward selection (stepwise, P < 0.15).
The association with HPV clearance over the entire followup was modeled through Cox proportional hazards regression with adjustment for age and region. Clearance was defined in 2 ways: as a single HPV-negative visit after 1 or more HPV-positive visits (liberal clearance) or conditioning on at least 2 consecutively negative visits definition (conservative clearance).
The following covariates were considered a priori as potential correlates of HPV acquisition and clearance: age (<20 years, ≥20 years), country/region (Brazil, North America), marital status (single/divorced, married/partner), ethnicity (White, black, others), education (<primary, primary-high school, ≥college), smoking history (never, former, current), lifetime number of sex partners (0-1, ≥2), age at first sexual intercourse (<15 years, ≥15 years), history of any sexually transmitted disease (no, yes), condom use (never, regularly, sometimes), and oral contraceptive use (never, regularly, sometimes). Analyses were performed for any HPV infection and grouped HPV infections (lrHPV, hrHPV) using combined clinician-collected cervical and self-collected cervicovaginal samples as we have previously shown comparable HPV detection between the 2 in this population. 7 Table 1 presents baseline characteristics of the population stratified by study site. Mean age of participants was 20.79 years ±2.70 SD (standard deviation); women in Brazil were slightly younger (SD, 20.21 ± 2.93 years) compared with those in North America (21.26 years ±2.40 SD). Overall, the majority were single or divorced (77.3%), 69.1% were white, and 55.4% had beyond high school education. Regarding behavioral characteristics, 15.7% of women were current smokers, 10.7% had 2 or more lifetime sexual partners, 60.5% were 15 years and older at first sexual intercourse, 5.2% had a history of sexually transmitted diseases, 27.7% regularly used condoms, and 53.2% regularly used oral contraceptive. Comparison by study site indicated significant differences in certain characteristics (ie, age group, marital status, ethnicity, education, lifetime number of sex partners and age at first sexual intercourse), but not for smoking, history of any sexually transmitted disease, condom use, and oral contraceptive use. *P values are reported to show the extent of differences in the distribution across variables; they are not intended for hypothesis testing. or more lifetime sex partners had more than twice the risk of incident infections with any type and with hrHPV types relative to those with 1 partner or none. We did not find any association between the number of lifetime sexual partners and lrHPV infection. Having a history of any sexually transmitted disease, regular condom use, and occasional oral contraceptive use were also significantly associated with any HPV infection acquisition. We found no significant associations with age, study site, ethnicity, education, smoking, or age at first sexual intercourse. Table 3 shows multivariable analysis results. Marital status, lifetime number of sex partners, history of any sexually transmitted disease, and occasional use of oral contraceptives retained their independent associations with acquisition of any HPV infection, in addition to ethnicity. Having 2 or more lifetime sex partners (adjusted RR, 2.03; 95% CI, 1.37-3.02) and a history of any sexually transmitted disease (adjusted RR, 1.98; 95% CI, 1.19-3.29) were also positively associated with risk of incident hrHPV infections. A protective association was still observed with marital status, whereas age, study site, education, and smoking were generally unrelated to HPV acquisition.
RESULTS
Supplemental Tables 1 http://links.lww.com/OLQ/A399 and 2 http://links.lww.com/OLQ/A400 present, respectively, ageand region-adjusted as well as multivariable analyses considering the entire follow-up (0-76 months), whereas corresponding findings restricted to long-term follow-up (40-76 months, ignoring outcomes prior to 40 months) are presented in Supplemental Tables 3  http: //links.lww.com/OLQ/A401 and 4 http://links.lww.com/ OLQ/A402. Overall, similar patterns of determinants were found irrespective of length of follow-up. Table 4 presents age-and region-adjusted associations of baseline sociodemographic and behavioral factors with clearance of incident HPV infections. A total of 226 (71.1%) of 318 incident infections during follow-up cleared, including 146 (88.5%) of 165 lrHPV and 265 (86.9%) of 305 hrHPV infections. No significant associations were observed between each of age, marital status, education, smoking, age at first sexual intercourse, history of 
DISCUSSION
Understanding the role of risk factors for the acquisition and clearance of HPV infection will support the development of effective prevention and screening strategies. We undertook the present analysis to better understand factors associated with HPV acquisition and clearance in a prospectively followed cohort of young women with no evidence of previous exposure to HPV (based on well-characterized serological and cervical samples results) and the restriction to having 6 or fewer lifetime sexual partners. We also attempted to identify a time frame when these factors were most influential. We found lifetime number of sex partners, marital status, and history of sexually transmitted disease at baseline to be the most important determinants of HPV acquisition. There were no remarkable differences in patterns of risk determinants when stratifying the analyses by length of follow-up.
Sexual behavior and age are well-recognized risk determinants for HPV infections. The number of lifetime sex partners emerged as a determinant of incident HPV infection, in line with previous studies. A high risk of acquiring a new HPV infection was reported in women aged 18-24 years soon after sexual debut with a first male sex partner, and the 1-year cumulative incidence was 28.5% which increased to 39.2% by 2 years and to 49.1% by 3 years. 12 In a longitudinal study on 97 virgin women and 105 monogamous women (ie, only had 1 sex partner) at enrollment, HPV acquisition was strongly determined by the accumulation of sexual partners; women with ≥3 partners had a 9-fold increased risk for acquiring HPV compared with women with 1 partner during followup. 13 Unfortunately, we did not collect information on new sexual partners during follow-up.
In a meta-analysis of 194 studies published between 1995 and 2009, comprising more than one million women with normal cytological findings, the age-specific HPV distribution had a first peak in prevalence at younger ages (<25 years) just after sexual debut, a lower prevalence plateau at middle ages, followed by a varying rebound at older ages (≥45 years). 14 Similarly, HPV acquisition predominated at younger ages in a population-based cohort of 7,237 women in Costa Rica. 15 Although age in the current analysis was not a strong predictor of HPV acquisition, it is possible that the restricted age range of participants in this cohort (15-25 years) may have been too narrow to allow age-specific comparisons in risk. Various other studies found younger age and higher number of lifetime sex partners to be significant risk factors for new HPV infections, [16] [17] [18] [19] but the patterns are not always consistent across populations. 20 Two early prospective studies on the epidemiology of HPV acquisition reported differences in risk-factor profiles according to HPV oncogenicity. 21, 22 In a subset of 1425 participants aged 18 to 60 years in the Ludwig-McGill cohort longitudinal investigation of the natural history of HPV infection in Brazil, an association was found between age, age at first intercourse and oral contraceptive use with risk of hrHPV, but not with lrHPV, whereas number of sexual partners was associated with both hrHPV and lrHPV types. 21 In a cohort of 1610 women aged 15 to 85 years who were HPV negative and with normal cytological results at enrollment in Colombia, age and having new sex partners during follow-up were consistent predictors of oncogenic, but not non-oncogenic, HPV in multivariable analyses. 22 We found a strong protective association between married women (ie, more likely to be in monogamous relationship than divorced/separated women) and incident hrHPV and lrHPV, even after adjustment whereas for having a history of any sexually transmitted disease the observed increased risk remained statistically significant in the multivariable model only for hrHPV types. We did not find an association between smoking and HPV acquisition, consistent with some 18, 22, 23 but not with all studies. 21, 24 Interestingly, condom use was associated with an increased risk of HPV (any, lrHPV, hrHPV) in multivariable analyses; statistical significance was attained only for lrHPVamong regular condom users. It is also likely that women with an increased number of sex partners were more likely to use condoms.
As for determinants of clearance of grouped HPV infections, these have been less frequently studied. Apart from finding an inverse association between an increased number of lifetime sex partners and clearance of any HPV, and a marginal increased risk of clearance of hrHPV types among black women and those in North America, no associations were found between other sociodemographic and behavioral factors and HPV persistence. Our finding that black women cleared their hrHPV infection more rapidly than whites is in keeping with the results from another study. 25 A cohort of 416 Canadian Inuit women also reported no association between sociodemographic, lifestyle or sexual factors with clearance of any incident HPV infections. 26 Other studies found that condom and oral contraceptive use conferred varying levels of protection in terms of HPV clearance based on oncogenic potential. 25, 27 A limitation of our study is the lack of information on other epidemiological risk factors such as parity, genital hygiene, nutritional status, behaviors of sexual partners, and male circumcision. 28 The main strength of our study is that our sample had a low risk profile; participants were young healthy women who had a maximum of 6 lifetime sex partners. The fact that participants were young and ascertained to be HPV negative upon entry supports the contention that what we detected as incident infections may be presumed as true new infections. However, given the uncertainty that exists concerning latency, instances of new detection may represent the unmasking of a previously undetectable infection because of better sampling via exfoliation or fluctuations in productivity of infection foci. 29 It is plausible to assume that universal vaccination against some of the most clinically relevant HPV types will transform the epidemiology of these infections, a change that is already noticeably strong even in settings with suboptimal vaccination coverage. 30 Establishing an epidemiologic baseline, such as our study does, will help in assisting the design of surveillance mechanisms to monitor infection outcomes and behavioral risk factors in vaccinated populations.
